Potent lectin-independent chaperone function of calnexin under conditions prevalent within the lumen of the endoplasmic reticulum.
Calnexin is a membrane-bound chaperone of the endoplasmic reticulum (ER) that participates in the folding and quality control of newly synthesized glycoproteins. Binding to glycoproteins occurs through a lectin site with specificity for Glc1Man9GlcNAc2 oligosaccharides as well as through a polypeptide binding site that recognizes non-native protein conformations. The latter interaction is somewhat controversial because it is based on observations that calnexin can suppress the aggregation of non-glycosylated substrates at elevated temperature or at low calcium concentrations, conditions that may affect the structural integrity of calnexin. Here, we examine the ability of calnexin to interact with a non-glycosylated substrate under physiological conditions of the ER lumen. We show that the soluble ER luminal domain of calnexin can indeed suppress the aggregation of non-glycosylated firefly luciferase at 37 degrees C and at the normal resting ER calcium concentration of 0.4 mM. However, gradual reduction of calcium below the resting level was accompanied by a progressive loss of native calnexin structure as assessed by thermal stability, protease sensitivity, intrinsic fluorescence, and bis-ANS binding. These assays permitted the characterization of a single calcium binding site on calnexin with a Kd = 0.15 +/- 0.05 mM. We also show that the suppression of firefly luciferase aggregation by calnexin is strongly enhanced in the presence of millimolar concentrations of ATP and that the Kd for ATP binding to calnexin in the presence of 0.4 mM calcium is 0.7 mM. ATP did not alter the overall stability of calnexin but instead triggered the localized exposure of a hydrophobic site on the chaperone. These findings demonstrate that calnexin is a potent molecular chaperone that is capable of suppressing the aggregation of substrates through polypeptide-based interactions under conditions that exist within the ER lumen.